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DISCUSSION ON "Stability Analyses in the Ports of Long Beach and
Los Angeles," by Allen M. Y ourman, Jr. and Gerald M. Diaz (Paper No.
7.6)
BY Neven Matasovic and Mladen Vucetic, Civil Engineering Depart-

Peter H. Byrne, Professor
Department of Civil Engineering
University of British Columbia
On Paper 7.6

Paper 7.6: Stability Analyses in the Ports of Long Be~ch
and Los Angeles by Allen M. Yourman, Jr. & Gerald M. D1az

ment, University of California, Los Angeles

This paper describes the expansion and creation of ~ew
land by placing hydraulic fill behind rock retent1on
dikes at the Port of Long Beach.
An overview of the
recent history and state of pra7tice regardi~g t~e
assessment of stability and deformat1on of these f1lls 1n
the event of an major earthquake is presented.
The
authors outline and discuss the progression of stability
and deformation analyses carried out over the years. ~e
most recent analyses involve limit equilibrium and res1dual strengths to evaluate the possibility of a slow
slide and Newmark type analyses to evaluate deformations' presumably where flow slides are not predicted.
The ~uthors suggest that more sophisticate? analy~es
which consider both the softening effect of l1quefact1on
as well as inertia forces are needed in the future. The
paper is very well organized and contains much useful
information.

The authors presented a comprehensive review of geotechnical reports
on the static and seismic stability of rock dykes and liquefaction potential
of backfills constructed by the hydraulic fill method, prepared for various
projects in the ports of Los Angeles and Long Beach. The paper gives an
excellent historical review of the methods used and the current state-of-the
practice in this region of high seismicity. From the geotechnical earthquake engineering point of view, the data on seismic coefficients, associated factors of safety and calculated permanent displacements, which
are summarized in the paper, represent a useful guideline for the seismic
stability analyses of rock dykes. It would be of interest, however, to know
what permanent displacements are considered allowable in each analysis,

Paper 7.1 1 Persanent Deforntion of Earth Da
Due to Earthquake, <Anthers, Jia-huan Qian,
Li-zhen Zeng and Zhen-son Hong.) Discussion by
Peter N. Bryne.

if such information is available.
One of the main points stressed by the authors regarding the state-of-the
practice of the seismic stability of dykes is that the liquefaction and the
effects of pore pressure increase should be incorporated into the analysis.
In other words, the coupled analysis should be conducted. Among others,
the research and design in that direction has been performed during last
ten or more years by Casagrande, Castro, Dobry and their coworkers. To
describe the phenomenon, they suggested, so called, seismic flow failure
mechanism which employs at the state of the failure the residual strength
of the material. This approach assumes that the shear stresses which
existed within the soil mass before the earthquake are triggering the failure
at the moment when the material strength drops (due to the pore pressure

The anthers are in agree•ent with Bryne's
cu.ent reqarding the directions of persanent
deforsation of eath du after earthquake. In
this paper, a fundaental assuption is that
direction of per•anent defor•ation to be s•e
as direction of horizontal static shear stress.
The upstrea shell in which the static shear
stress
is
strea-upward
should
have
stre ..-upward
direction
for
persanent
defor•ation. Because of the inclined core, the
upstrea shell is ssall, so this is to be
neglected. Another point, the displacesent of
foundation rock is zero while the displacesent
of sand layer above rock has still sose ssall
values.

buildup) below these initial stresses.

DISCUSSION BY:
It would be interesting to know if this approach has also been used to

evaluate the seismic stability of the dykes in ports of Los Angeles and
Long Beach, or if there is any plan to use such approach in the future.
Also, the results of large scale shaking table tests reported in some of the
papers of Session II of this conference are relevant for the above type of
failure. These experimental results suggest that model tests may actually
explain the failure mechanism of the dykes. The question then arises
whether there is any plan to conduct such tests, or to utilize this kind of
data to evaluate the stability of dykes in the ports of Los Angeles and
Long Beach.
The proposal by the authors to instrument the dykes should be strongly
encouraged.

2151

Peter M. Byrne, Professor
Dept. of Civil Engineering
University of British Columbia
On Paper 7.8

Paper 7.8: Permanent Deformation of Earth Dam Due to
Earthquake by Jia-huan Qian, Li-zhen Zeng, and Zhen-son
Hong
This paper very briefly presents the results of analyses
carried out to estimate the earthquake induced displacements of Xian-Lang-de earth dam which has a height of
167 m and rests upon a foundation layer of liquefiable
sand and sandy gravel.
The analysis procedure involved dynamic analyses to
determine the inertia forces caused by the design earthquake.
These were then incorporated in a pseudo-static
analysis with appropriate stress-strain relations to
estimate the earthquake induced displacements. The estimated permanent horizontal displacements are shown in
Fig. 3.
The displacements in the foundation sands are
essentially zero. The displacements are all in the downstream direction.
Is this reasonable?
The dynamic
forces would act in both directions. A spreading pattern
of permanent deformation would seem more likely.
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DISCUSSION BY: Peter M. Byrne, on
Paper 7.19: Displacement of Slopes Under
Earthquake Loading by L. J. L. Lemos and
P.A.L.F. Coelho.

or not, may
velocities.

accelerate

to

catastrophic

Several soils ranging from high plastic to no
plastic soils were tested and it was observed
three types of behaviour, identified as
positive, negative and neutral rate effect.
Soils showing a positive rate effect, high
plasticity clays, show a minimum fast strength
higher than the slow drained residual
strength, (Lemos, 1991). Soils showing a
negative rate effect, some low plasticity
clays, show a minimum fast strength lower than
the slow drained residual strength, (Lemos,
1991) .Soils showing a neutral rate effect were
silts and sands (Lemos, 1991) and (Hungr and
Morgenstern, 1984) .

The work presented results of an experimental
investigation carried out in the ring shear in
order to investigate the rate effects on the
residual strength and was presented by (Lemos
et al, 1985) and (Lemos, 1991). Typical
results from two soils are shown on fig. 1.
Five strengths can be recognised in each shear
stage. The soil is first sheared slowly to
establish the drained residual strength (a) .
It is then allowed to rest. Fast shearing is
then performed with continuous monitoring of
stress and displacement. Three strengths can
then be identified; a threshold strength at
which displacement on the shear surface
recommences (b) a fast maximum strength (c),
and a fast minimum strength (d) . It usually
remains higher than the slow residual
strength, but may drop to a lower value.
Shearing is then stopped and shear stress
reduced
immediately
to
prevent
any
displacement by creep. After a rest for
consolidation, shearing is continued at the
slow drained rate. A new slow peak strength
(e) is gennerally observed, which is higher
than the ultimate residual strength (a),
indicating that fast shear has caused
disordering of the shear surface. This
strength (a) is recovered after further
displacement.

shear surfaces at or close to
residual strength are frequently presented in
slopes of clay and weak mudstone, due to
previous slope movement or to tectonic
A knowledge of the strength of
disturbance.
such surfaces under rapid loading in necessary
if stability during and after an earthquake is
to be examined. The displacements computed
using the Newmark's approach for the soils
showing the positive rate effects are shown in
fig. 11 of the paper. It was observed a
greatly reduction of displacements. The
displacements computed using the Newmark's
approach for the soils showing the negative
rate effect are under investigation. If
earthquake shaking produces a critical
combination of displacement and velocity in an
existing slide initially at its residual
strength, its reactivation will involve large
and fast movements which will continue after
shaking ceases.

Pre-exis~ing
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Most of papers dealing with slope stability analysis and

Peter M. Byrne, Professor
Dept. of Civil Engineering
University of British Columbia
On Paper 7.19

permanent displacements due to earthquake effect are on
the Conference concerned with simplified but powerful
methous. The simplified models are more operative than

Paper 7.19: Displacement of Slopes Under
Loading by L.J.L. Lemos and P.A.L.F. Coelho

Earthquake

the complicated ones and

the

real

situation can be

reasonable simulated. The mathematical models originate
Earthquake displacements of slopes depend on the dynamic
resistance of the soil, the geometry, and the dynamic
forces induced by the earthquake.
This . paper examine~
the dynamic resistance of the soil, develops a model fo
dynamic resistance as a function of displacement ana
strain rate, and uses Newmark's approach to compute the
displacements involved for a prescribed dynamic loading.

mostly

from

the

indispensable

input

accurate

data

computation.

which

are

Parametrical

studies and/or comparison with practical

measurements

prove a reasonable agreement with methods proposed in
the papers discussed.
In the paper the -safety factor and the location of slip

Rate and displacement effects are show in Fig. 1. Imposition of a high displacement rate appear to cause a
disturbance effect that can result in subsequent lower
resistance.
There is considerable examination and
discussion of combined rate and displacement effects that
left me somewhat confused.
This seems to be the key
item. Once these are known it is relatively simple to
incorporate them in the Newmark analysis. Computed displacements using Newmark's approach for a range of conditions are shown in Fig. 11. Inclusion of rate effects are
considered, and lead to greatly reduced displacements.

surface are searched in virtue of the procedure proposed
by

Janbu

in

1973.

The

influence

of

earthquake

is

expressed as a horizontal force (the product of seismic
coefficient
acting

at

and
the

minimization

the

weight

centre

of

procedure

of

an

gravity

originating

function method is proposed.
the safety factor
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with observations of other authors. A parametrical study
was carried out for

selected values of

geotechnical

parametres and the results are presented in tables and
Paper 7. 21: Measured and Calculated Dynamic Response of
Rock-Fill Dam by Lelio H. Mejia, David W. Sykora, Mary E.
Hynes, Katherine Fong, and Joseph P. Koester
This paper compares the computed dynamic response o~
Ririe Dam with the measured response during the 1983 Mt.
Borah earthquake. Time histories of acceleration at both
the crest and abutment were recorded allowing such a
comparison.
The dynamic analyses were carried out using conventional
equivalent elastic soil and rockfill parameters. A twodimensional finite element analysis was performed using a
modified version of the standard FLUSH program with
allowance made for 3-D effect.
G

values were based on shear wave velocity measureand modulus reduction and damping values were
based on "standard" past experience.
The 3-D aspects
increase the natural frequencies of the system (Fig. 8)
and this was accounted for by suitably adjusting the soil
stiffness. The computed and observed response of the dam
crest are compared in Figs. 9 and 10, and are in good
agreement.

m~~ts,

This is a very useful contribution as it provides a
verification of the procedures used in the analysis and
design of dams.
Discussion on

graphs.
Simplified models are also used, for example, in papers
No. 7.9, 7.19 and 7.38.
A model for computation of seismically induced permanent
large displacements in the earth structure is proposed
in paper No. 7.9. Permanent displacements are assumed to
occur along real or fictitious failure surfaces and
modified

Newmark

(1965)

sliding

block

approach

is

employed. The modification consists in substitution of
rigid blocks by plastic region which behave according to
Jaumann mode.

Results obtained from this model were
compared with observed behaviour of La Villita dam under
the November 15, 1975 earthquake.
The Newmark idea is also used in paper 7.19. On some
examples the discussion on final displacements were
carried out. The calculation with and without influence
of the rate of displacement on the shear resistance
properties of soil is taken into consideration.
useful practical formulas were derived.

Some

paper:

"Automated Slope Stability Analysis of Zoned Dams" by,

On the results from these papers I want to point out a

P.K. Basudnar, Yudhbir and R.K. Dhawan, No.7.28, by Petr
Prochazka,
Cheaf Scientific Officer,
Institute of

possibility of large scale applications in design of
underground

Geotechnics,

expensive. Because of a poor knowledge of geotechnical

Czechoslovak Academy of Sciences, Prague,
Czechoslovakia.

works

which

are

in

most

cases

very

parametres and of nonlinear behaviour of material we
work with the simplified
help the designer very much.
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substantially
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permanent displacements due to earthquake effect are on
the Conference concerned with simplified but powerful
methous. The simplified models are more operative than

Paper 7.19: Displacement of Slopes Under
Loading by L.J.L. Lemos and P.A.L.F. Coelho

Earthquake

the complicated ones and

the

real

situation can be

reasonable simulated. The mathematical models originate
Earthquake displacements of slopes depend on the dynamic
resistance of the soil, the geometry, and the dynamic
forces induced by the earthquake.
This . paper examine~
the dynamic resistance of the soil, develops a model fo
dynamic resistance as a function of displacement ana
strain rate, and uses Newmark's approach to compute the
displacements involved for a prescribed dynamic loading.

mostly

from

the

indispensable

input

accurate

data

computation.

which

are

Parametrical

studies and/or comparison with practical

measurements

prove a reasonable agreement with methods proposed in
the papers discussed.
In the paper the -safety factor and the location of slip

Rate and displacement effects are show in Fig. 1. Imposition of a high displacement rate appear to cause a
disturbance effect that can result in subsequent lower
resistance.
There is considerable examination and
discussion of combined rate and displacement effects that
left me somewhat confused.
This seems to be the key
item. Once these are known it is relatively simple to
incorporate them in the Newmark analysis. Computed displacements using Newmark's approach for a range of conditions are shown in Fig. 11. Inclusion of rate effects are
considered, and lead to greatly reduced displacements.

surface are searched in virtue of the procedure proposed
by

Janbu

in

1973.

The

influence

of

earthquake

is

expressed as a horizontal force (the product of seismic
coefficient
acting

at

and
the

minimization

the

weight

centre

of

procedure

of

an

gravity

originating

function method is proposed.
the safety factor
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and

individual
of

the

from

slice)

slice.
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A

penalty

The relationship between

the pore pressure coefficient

given by Bishop is linear, what is in a good agreement
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with observations of other authors. A parametrical study
was carried out for

selected values of

geotechnical

parametres and the results are presented in tables and
Paper 7. 21: Measured and Calculated Dynamic Response of
Rock-Fill Dam by Lelio H. Mejia, David W. Sykora, Mary E.
Hynes, Katherine Fong, and Joseph P. Koester
This paper compares the computed dynamic response o~
Ririe Dam with the measured response during the 1983 Mt.
Borah earthquake. Time histories of acceleration at both
the crest and abutment were recorded allowing such a
comparison.
The dynamic analyses were carried out using conventional
equivalent elastic soil and rockfill parameters. A twodimensional finite element analysis was performed using a
modified version of the standard FLUSH program with
allowance made for 3-D effect.
G

values were based on shear wave velocity measureand modulus reduction and damping values were
based on "standard" past experience.
The 3-D aspects
increase the natural frequencies of the system (Fig. 8)
and this was accounted for by suitably adjusting the soil
stiffness. The computed and observed response of the dam
crest are compared in Figs. 9 and 10, and are in good
agreement.

m~~ts,

This is a very useful contribution as it provides a
verification of the procedures used in the analysis and
design of dams.
Discussion on

graphs.
Simplified models are also used, for example, in papers
No. 7.9, 7.19 and 7.38.
A model for computation of seismically induced permanent
large displacements in the earth structure is proposed
in paper No. 7.9. Permanent displacements are assumed to
occur along real or fictitious failure surfaces and
modified

Newmark

(1965)

sliding

block

approach

is

employed. The modification consists in substitution of
rigid blocks by plastic region which behave according to
Jaumann mode.

Results obtained from this model were
compared with observed behaviour of La Villita dam under
the November 15, 1975 earthquake.
The Newmark idea is also used in paper 7.19. On some
examples the discussion on final displacements were
carried out. The calculation with and without influence
of the rate of displacement on the shear resistance
properties of soil is taken into consideration.
useful practical formulas were derived.
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Paper 7. 35: A New Approach for
Evaluating Stability and Deformation
of Earthstructure in Earthquake
CIosure by Kun i ak i Karaki. Sadao Go to.
Akira Hirotani and Nobuyuki Yoshida

paper:

"A New Approach for Evaluting Stability and Deformation
of

Akira

Goto,

No. 7.35,

Earthquake"

in

Earthstructure

Sadao

by Petr Prochazka,

Institute

of

Kuniaki

by

and

Hirotani

Nobuyuki

Cheaf Scientific Officer,
Czechoslovak

Geotechnics,

Karaki,
Yoshida,

Academy

of

Sciences, Prague, Czechoslovakia.
In the paper No. 7.35 a typical coupling of physical and

Tha writers proposed a procedure
for determining the undrained strength
for both cases during and post
earthquakes. The first one is for
during earthquake where the strength
before subjected to earthquake is used
with taking of account of horizontal
seismic coefficient. Kh. The second
one is for post earthqtiake where
reduced shear strength corresponding
to excess pore water pressure induced
by earthquake is used without
consideration, Kh. If excess pore
water pressure through all I ayers at
proposed site reaches the effective
overburden pressure, the failure wi II
be caused by I iquefaction potential.
In this case, it is unnecessary to
carry out the stability analysis.
The writers agree with the opinion
that it is very conservative to
consider a seismic coefficient for
f I ow type sand. Si nee the sand at the
proposed site in our paper was not
~tow type, the stability analysis
using steady state strength was not
carried out.

From

presented.

is

modelling

mathzmatical

physical

models input into static finite element analysis is used
to obtain deformation before and after earthquake and
results in residual deformation. Stability analysis was
conducted for two cases. In the first one the horizontal
force from seismicity is equal to zero and pore pressure
increases and in the second case the contrary holds,
i.e.

force

is different

from zero and pore pressure

vanishes.
The

coupling

of

mathematical

and

physical

modelling

using so-called inverse analysis (in case of quasistatic
models) was implemented to the analysis of behaviour of
rock

continuum

behaviour
tunneling.

When a structure does not reach a
complete failure after earthquake, it
should be thought that a certain
stab iIi ty is kapt under reduced
rigidity of soi I induced by earthquake
force. In add i t ion, the stresses
acting on structure after earthquake
is the same as those before earthquake.
On these concept, a simp 1if i ed method
used in our paper would be useful to
predict approximate residual
deformation in earthquake,
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Peter M. Byrne, Professor
Dept. of Civil Engineering
University of British Columbia

Discussion on General Report, Session VII, "Stability of
Slopes and Earth Dams under Earthquakes" by:
J.
Lawrence Von Thun By: P.K. Basudhar, Assistant
Professor of Civil Engineering, Indian Institute of
Technology, Kanpur, India.

Paper 7.35: A New Approach for Evaluating Stability and
Deformation of Earth Structures in Earthquakes by Kuniaki
Karaki, Sadao Goto, Akira Hirotani and Nobuyoki Yoshida
The approach
aspects:
1)
2)

basically

considers

the

two

important

With reference to the observations made by the General
Reporter with regard to our paper (Paper No. 7.28)
the following points should be noted:

Is the strength adequate to prevent a flow slide
from occurring? and if so,
What are the earthquake induced displacements?

( 1)

Automated stability analysis is appropriate in
all cases of stability analysis of nonhomogeneous
slopes as it removes the necessity of a priori
assumption regarding the shape of the probable
slip surface and thus eliminates a source of
error which is inherent in such assumptions.

(2)

Though a proper dynamic analysis of slopes is
desirable due to its simplicity and long familiarity of the method the "poorly regarded"
pseudostatic limit equilibrium analysis is widely
used by the design engineers.
If the earthquake
acceleration is less than the critical acceleration
then the predictions regarding the stability of
slopes specially in soils which do not show significant loss of strength due to earthquake
shaking as for example overconsolidated clays
and very dense cohesionless soils are likely to
be quite reliable.
The power of the method can
further be enhanced by considering the effect of
earthquake shaking on soil strength as suggested
by Seed (1966).

Strength
As pointed out by the authors, the appropriate strength
to use in stability analysis could correspond to either
pt A or C on Fig. 2 of their paper.
The authors then
suggest using a lower strength involving the expected
pore pressure rise caused by the earthquake.
Based on
this concept the appropriate strength would be zero if
the shaking triggered initial liquefaction?
The authors also consider using a seismic coefficient
when considering the possibility of a flow slide. This
seems overly conservative.
Deformations
The deformations are based on the concept of using
reduced moduli depending on the expected pore pressure
rise as shown in Fig. 9. The concept is that the earthquake forces would be essentially zero at the time the
reduced moduli are appropriate.
Inertia forces are
therefore only considered to reduce the soil stiffness,
and are not considered to directly cause displacements
(unconservative).
The approach is applied to a case history. Predicted and
observed displacements are in reasonable agreement (Fig.
13).
The proposed deformation analysis using reduced moduli
caused by pore pressure rise is similar to that investigated by Pursell (1985).
She found the approach
predicted lower deformations than observed.
Reference:

Purssell, Tanis J., "Modulus Reductions Dynamic Analysis", M.A. Sc. Thesis, University of
British Columbia, July 1985.
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Reply on Paper No. 7.28
"Automated Slope Stability Analysis of Zoned Dams"
by P.K. Basudhar, Yudhbir and R.K. Dhawan
Indian Insitute of Technology, Kanpur, India
With reference to the observations made by the General
Reporter the followinQ points should be noted1
(l)

Automated stability analysis is appropriate in all cases

of stability analysis of nonhomogeneous slopes as i t
removes the necessity of a priori assumption regarding

the shape of the probable slip surface and thus eliminates
a source of error which is inherent in such assumptions.
(2)

Though a proper dynamic analysis of slopes is desirable
due to its simplicity and long familiarity of the method
the "poorly regarded'' pseudostatic limit equilibrium
analysis is widely used by

~,e

design engineers.

If the

earthquake acceleration is less than the critical acceleration then the predictions regarding the stability of
slopes specially in soils which does not show significar.t
loss of strength due to earthquake shaking as forexample
overconsolidated clays and very dense cohesionless soils
are likely to be quite reliable.

The power of the method

can further be enhanced by considering the effect o:
earthquake shoking on soil strength t

suggested by

Seed (1966).
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